The physico-chemistry of tidal Elechi Creek in the upper Bonny Estuary was investigated to assess the toxicity of the water body as this could have adverse effects on the native organisms that form part of the ecosystem and to evaluate the extent and magnitude of petroleum hydrocarbon and heavy metal concentration in the water body. Standard field procedures were adopted in sample collection while laboratory analysis was carried out also following standard methods. Parameters measured include pH, temperature, dissolved oxygen (DO), biological oxygen demand (BOD), electrical conductivity, salinity and total dissolved solids (TDS). Heavy metals namely Copper (Cu), Lead (Pb), Zinc (Zn), nitrate (NO 3 ), sulphate (SO 4 ), Ammonia (NH 4 ), and Total Hydrocarbon Concentration (THC) in the surface water body were also determined on samples collected from five (5) sampling stations spread along the creek in both dry and wet seasons. The results showed that the surface water body is oligohaline with low acidity, pH values ranging from 6.2 to 7.6. Temperature varies from 27˚C to 30˚C. Dissolved Oxygen (DO) concentration ranges from 2.9 to 7.5 mg/l which is adequate for aquatic organism with Biological Oxygen Demand (BOD) values varying from 0.45 to 7.0 mg/l. The values of total dissolved solids (TDS) vary from 11,700 mg/l to 26,250 mg/l with the highest mean value obtained at the study station located downstream. The mean nutrient concentration showed that the study area is not eutropic. Anthropogenic activities were very high at the sites throughout the period of the study and may have resulted in the stress conditions of the area. Pollution trend along the study stations showed that no one station is unpolluted. The study recommends the introduction of enforceable and stringent waste management plans to highlight and discourage direct discharge of untreated waste and storm water runoff into an aquatic environment.
Introduction
Water is an indispensable natural resource without which there would have been no life on earth. The importance of water to man cannot be over emphasized.
Man can survive longer without food than without water. Water is freely available through rainfall and other components of the hydrologic cycle. Until recently, man has tended to take this abundant natural resource for granted [1] . The increased concern on the rapid ecological changes in the natural environment has provided major challenges to the scientific community [2] . The emerging empirical facts have shown the susceptibility and sensitivity of ecological assemblages which have been ignored especially the open water body dwelling communities in brackish and other waters of Niger Delta. The first sign of pollution in an aquatic system includes toxic algal blooms and associated deoxygenation of surface water.
Studies have been undertaken on macrofauna in Bonny and other Niger Delta environment [3] [4] [5] [6] . These studies have provided information on the physicochemistry, Benthos; [7] [8] and [9] on benthos, [10] on intertidal macrofauna while [11] on fisheries of Bonny estuary. A good surface water quality has dissolved oxygen (DO) values exceeding 2 mg/l [12] . This fact underpins the necessity of a thorough evaluation of the physicochemistry of Elechi Creek, a busy and actively tidal creek in Port Harcourt.
The study is on the creeks stretching from Abonnema wharf to Mgbouosimini waterfront. It attempts to establish possible effects of anthropogenic activities on the physicochemical parameters of the creek and provide mitigating measures with a view to preserving the environment. It also tries to generate an index using developed water quality index from observed temporal and spatial variation in some physicochemical parameters in the area.
Assessment of water is not only for suitability for human consumption but also in relation to its agricultural, industrial, recreational, commercial uses and, from environmental point of view, its ability to sustain aquatic life. Water quality monitoring is therefore a fundamental tool in the management of freshwater resources. To achieve the aim of this study, the following evaluations were made: water quality, extent and magnitude of petroleum hydrocarbon and heavy metal concentration, relationship between the physicochemical characteristics and the aim of identifying zones within the study area that could show acute toxicity to native organisms.
Description of the Study Area
The study was conducted in a brackish wetland of Bonny estuary between Ab- The soil type is mainly clay (Chikoko). The intertidal flat consists of moderately sorted sand to silty clay with patches of hard "Chikoko" sediment types [10] .
Vegetation in the area is characteristically mangrove, with the dominant types being red mangrove (Rhizophora racemosa), white mangrove (Avicennia africana) and black mangrove (Laguncularia racemosa). The area is also inhabited by other plants (e.g. fern-Achrostichum aureum and grass-Paspalum varginatum). Animals found in the area include (mud skipper Periophthalmus sp., fidder crabs Uca tangeri and Periwinkles). 
Materials and Method
Five study stations were established along the creek from Abonnema wharf to Surface water samples were collected on a monthly interval at ebbing tide during the study period. Water samples were taken at about 30 cm below the water surface by a horizontal water bottle made of polyvinyl chloride.
One sample was collected at each of these locations, two replicate samples from each group stations.
At each sampling station, in situ measurement of unstable parameters such as temperature was made while the elevation and the sampling location were geo-referenced. 
Results

Surface Water pH
The result of the mean surface water pH of the study area showed that the surface water is weakly acidic to weakly alkaline with values ranging from 6.40 in AJS in dry season to 7.60 in EBS in the wet season. This is expected since in the dry season, there is some fresh water influence in the study area while the alkaline seawater dominates.
The spatial and temporal variation in surface water pH is presented in the Figure 2 .
Surface Water Temperature The results of surface water temperature range from 27.6˚C to 30˚C. The highest temperature was recorded in January, dry season and the lowest value was recorded in August, wet season, Figure 3 .
Surface Water Electrical Conductivity (EC) The results of mean EC of surface water in the study sites showed that the maximum value was recorded in January, 2013, dry season; as 28,250 (μs/cm) at Abonnema Wharf station (ABWS) site. The minimum value was obtained in September 2013 wet season, as 12,775 (μs/cm) at Mgboushimini sample sites The result showed that the Nitrate (mg/l) concentrations of the surface water ranged between 0.15 and 2.51 mg/l, with a difference of 1.45 mg/l. The minimum value was obtained at the control site in August 2013 wet season while; the maximum value was obtained at EBS in January 2013 dry season. The spatial and temporal variations in the concentrations of Nitrate are presented in Figure 9 .
The Nitrate levels of the study area did not show any common trend across the various study stations. The concentration of nitrate varied between 0.15 -2.45 mg/l in the study period. The highest concentration of nitrate was recorded 
Discussion
The pH values showed that the spatial and temporal variations in the surface water pH were significant. The range of the pH values shows that it was tending towards neutral particularly in the study stations in the upper reaches. This suggests evidence of the presence of waste material which is an attribute to human activity. This may also be attributed to water shed and other human activities.
However, there are high anthropogenic activities in the settlements along the water fronts in the study area. Most aquatic species adapt to natural condition as certain aquatic species have different tolerance for acidity. Clams, shrimps and snails generally cannot survive with a pH below 6 [16] . pH which is an indicator of acidic or alkaline conditions of water status was within level of 7.00. High or low pH values in a river have been reported to affect aquatic life and alter the toxicity of other pollutant in one form or the other [17] .
Though normal biological activity can occur within pH range restricted to 6.00 -8.00, for natural water, the EEC (1980) guide limit for water is 6.50 -8.50.
Thus, the values obtained in the study area fall within this range with the exception of samples collected in August and September, all the other months in all the stations recorded a pH of <7.00 mostly in the dry season. According to [18] and [19] , the pH of brackish water falls within the range 6.50 to 7.40 and 7.48 and 8.89 respectively. In [20] , the pH values ranged from 6.30 to 7.70 for Elechi
Creek. The pH profile in all the study stations falls within the desirable limit for the survival of fishes. A lower pH value will not support aquatic life [21] and [22] [23] [24] .
The surface water temperature profile has a mean value of 29˚C in the dry season months of November and January and lower during the months of rainy season (27˚C -29˚C). Variation of temperature in water bodies attributable to sunlight was reported to occur particularly in estuaries due to their general shallowness, which exposes the water and mudflats to sunlight [20] . [25] reported that temperatures between 26˚C and 30˚C are attributed to the insulating effect of increased nutrient load resulting from input of industrial discharge. It therefore, means that the Elechi Creek study area is polluted and constitutes an envi- 30˚C -35˚C is tolerable to fish, [23] suggested the levels of temperature as 28˚C -
32˚C.
Conductivity which is a method of obtaining an estimate of dissolved solid ranged 3.80 -10.0 µ/cm, described as extremely poor in chemicals [26] . [27] recommended the desirable range 100 -2000 mS/cm and acceptable range 30 -5000 mS/cm. The mean electrical conductivity (EC) profile was generally higher at ABWS than other sites. There are several factors that affect the conductivity of a water body. These include concentration or number of ions, mobility of ions, oxidation state (valence) and temperature of the water. Conductivity also increases as result of heavy metal ions released from pollutants such as acid mine drainage. However, the range of EC obtained in the study show marked deviation with the range recorded by [14] [20] at the Elechi Creek which is attributed to series of anthropogenic activities in the study area and seawater influence.
The mean value obtained for this study range 19,773 µs/cm to 24,052 µs/cm in dry season and 13,663 µs/cm to 25,325 µs/cm in wet season. These changes, affects the general condition of the water and aquatic lives.
The salinity values recorded at the various sampling sites during the study showed that the values ranged from 7.00(‰) to 17.20(‰). The values obtained in the study areas are higher than the range [28] reported in Rumueme Creek.
Similar low values have been reported by [29] and [30] in the main channel of the Bonny estuary, these coincide with the rainy season, when fresh water discharge was heaviest. Similarly, [31] also reported that low salinity in Bonny tidal basin is influenced by fresh water discharge. trend/values of dissolved oxygen in all the study sites, when compared to [20] are very low, which clearly suggest a deterioration of the environment and therefore, poses an environmental risk. If a water body is capable of supporting aquatic life, the dissolved oxen standard will be a minimum of 5.00 mg/l [34] .
Biological oxygen demand (BOD 5 ) is the commonest used index in water quality management; it represents the amount of oxygen required for the biological decomposition of organic matter under aerobic condition. It is perhaps an expression of how much oxygen is needed for microbes to oxidize a given quantity of organic matter [35] . The mean value of (BOD 5 ) in the study stations range from 1.02 mg/l to 1.78 mg/l in the dry season and 1.40 mg/l to 5.38 in the wet seasons the lowest mean value of (BOD 5 ) was recorded at the Abonnema wharf station (ABWS) and Elechi beach station (EBS). [36] reported that (BOD water from the Bonny River which effectively flushes and dilutes oxidizable organic matter out of the study area. This is probably as a result of regular introduction of organic matters into the study area from human and faecal matter on a daily bases. According to [18] and [37] , the contamination of water with faeces increases the (BOD 5 ) because it contains mainly organic matter making oxygen less available to desirable organisms.
The results also showed low nutrient concentration for example, Nitrate The values recorded at these sites can be attributed to the discharge of organic matter from sewage effluence of the waterfront settlement. It could also be explained that the lower mean values of other study sites could be due to relative uptake of nitrate by growing mats of algae which were found covering the exposed mud flats at low tide. The overall low concentration of nitrate in these five areas indicates that they are below the threshold limit of 45.00 mg/l [38] . Thus, it can be concluded that these areas are not contaminated with nitrate. These values are well below the internationally accepted value of 45.00 mg/L indicator for nitrate ion contamination and thus this water is not polluted with Nitrate.
Heavy metal concentrations were generally low throughout the stations at Elechi Creek. The low concentration of heavy metal reported in the study stations may be attributed to lack of industrial discharges into the Elechi Creek. It is possible that the abundant suspended matter and high pH may have effectively scavenged metals through adsorption and precipitation [20] .
The results showed that the values obtained for the present studied suggest that the water quality status of Elechi Creek is reasonably influenced by various discharges of effluents into the creek in terms of heavy metal concentrations.
Conclusion
Change in physico-chemical characteristics of the Elechi Creek could be attributed to the various anthropogenic activities taking place in the study area.
These changes are also increasing risk hazard and continued discharge of waste into the Creek without proper management will pose environmental issues in the future. The seasonal variation was such that most of the physico-chemical parameters showed a higher concentration in dry season.
